We examined the factors structuring bird communities across a complex subarctic treeline in the Mealy Mountains, Labrador, Canada. Using point counts of bird abundance in 2007 and 2008, we show that changes in vegetation driven by elevation are strongly correlated with avian community structure in this treeline ecotone system. Overall, avian diversity was higher in the forest compared with other habitat classes (krummholz, deciduous shrub, and alpine). There were strong correlations between avian diversity and vegetation richness, as well as structure, among and within habitat class in 2008. Numerous habitat types (subset of habitat class) were correlated with avian composition, although some species were clearly habitat generalists. Contrary to expectation, avian species composition was associated with physiognomy (vegetation structure) in alpine and deciduous shrub, and with either physiognomy or floristics (vegetation species composition) in krummholz and forest. Given the strong impact of elevation on vegetation and the demonstrated influence on bird communities, we note that for bird species whose near-southernmost populations are found in the Mealy Mountains, climate change is likely to have a strong negative effect if alpine tundra habitat is lost. Furthermore, forest bird species are likely to benefit from the increased tree cover as treeline moves poleward and upward.
Introduction
Ecotones have been extensively studied in large part because of the significant influence they have on biodiversity (Risser 1995; Payette et al. 2001; Harper et al. 2005) . This increase in biodiversity is often attributed to the large changes in vegetation structure over short distances or specialization at edges (Ries and Sisk 2004) . Changes in vegetation at the forest-tundra ecotone (treeline), an ecotone caused by complex changes at a latitudinal or altitudinal gradient, have been extensively documented (Payette et al. 2001; Harper et al. 2011) , in response to the growing concern that global climate change may adversely affect these important areas (Grace et al. 2002) . However, the impact of treeline ecotones on other key organisms like passerine songbirds remains relatively unstudied (Terborgh 1985; Archaux 2004; Lloyd et al. 2011; Kent et al. 2013) , and boreal ecotone communities are especially understudied.
The influence of treelines on biodiversity is of concern in northern regions because the boreal forest is critical for the biodiversity and viability of populations of North American passerine birds (Blancher 2003; Blancher and Wells 2005) . Furthermore, significant impacts of climate change are predicted to occur at boreal latitudes resulting in increased plant growth (infilling; Danby and Hik 2007) or increased recruitment in treeline species, and a subsequent migration of the treeline, latitudinally and altitudinally (Cannone et al. 2007; Ruckstuhl et al. 2008; Harsch et al. 2009 ). The potential for changes in avian distribution in response to a changing climate was suggested by Cumming et al. (2014) , who showed that climate variables explained most of the deviance in abundance of boreal songbird distribution. An examination in the boreal region will broaden our understanding of the influence of ecotones on avian diversity and shed light on the influence of global climate change on these regions.
Relevant to understanding the influence of ecotones and a changing climate on passerine songbirds is the vegetation-habitat concept, considered a unifying theory in avian biology (Lee and Rotenberry 2005) . Vegetation as habitat can influence avian assemblages in terms of structure (physiognomy: MacArthur et al. 1962; James and Wamer 1982; Cody 1985; Bersier and Meyer 1994) and composition (floristics : Rotenberry 1985; Bersier and Meyer 1994) . Ecotones, including the treeline, provide an excellent opportunity to examine the vegetation-habitat concept because the changes in physiognomy and floristics across the treeline allow for examination of communities that may differ dramatically over short distances (<5 km). Therefore, although the debate over the relative roles of physiognomy and floristics on avian assemblages is not new, it should be re-examined in the context of global climate change and expected poleward and upward shifting treeline ecotones.
We examined avian community structure and its relationship to vegetation across a treeline ecotone in the Mealy Mountains (Akamiuapishkua), a highland area of south-central Labrador, Canada. This region is projected to warm by 2.05-4.32°C over the next 80 years (Bell et al. 2008 ) and climate-habitat simulations show that the treeline is expected to move both poleward and upward (Loader 2007) . Due to topography and edaphic factors, the treeline ecotone is complex, resulting in a highly variable deciduous shrubkrummholz zone bounded by largely contiguous forest and capped by a small amount of alpine tundra (currently less than 10% of the total area; Loader 2007). The relatively species-poor avifauna (composed of both habitat specialists and generalists) and high variation in physiognomy and floristics over a small area allowed us to test the following questions: (i) how do measures of avian diversity vary with elevation, vegetation richness, and vegetation structure across the ecotone and (ii) to what degree are elevation, floristics, and physiognomy associated with avian composition across the ecotone? Answers to these questions are critical to our ability to predict shifts in avian communities owing to climate change. Finally, we report the first systematic study on avian diversity in this rarely studied part of North America.
Materials and methods

Study area
The Mealy Mountains are the dominant highlands of southern Labrador, occupying an area of approximately 2000 km 2 directly south of Lake Melville (Fig. 1) . Mountain summits are broad and rounded, with an elevation just over 1100 m. The highlands (above 800 m) are dominated by alpine vegetation, are surrounded by boreal forest and wetlands at lower elevations, and have been described as southernmost mountainous outliers of the High Subarctic Tundra ecoregion (Meades 1990) . Local glacial and glaciofluvial deposits are conspicuous and important components of the landscape, influencing position and structure of the vegetation.
The Labrador Highlands Research Group base camp is located approximately 20 km south of Lake Melville, in an eastward trending valley south of an unnamed mountain (Mt. 1057; 53°36=N, 58°50=W; Fig. 1 ), and west of an unnamed lake forming the headwaters of the Eagle River (53°36=N, 58°47=W). Our total study region comprises approximately 64 km 2 , between 500 and 1000 m in elevation. Following the terminology of Körner (2007) , the timberline occurs at approximately 550 m, the treeline up to 700 m in sheltered areas, and the tree species limit at approximately 900 m. Conifer species include black spruce (Picea mariana (Mill.) Britton, Sterns & Poggenb.), white spruce (Picea glauca (Moench) Voss), balsam fir (Abies balsamea (L.) Mill.), and larch (Larix laricina (Du Roi) K. Koch) that become increasingly stunted (i.e., krummholz) and occur in smaller, more isolated, and sheltered patches above 640 m. See Munier et al. (2010) and A.J. Trant et al. (submitted) 1 for a more complete description of the vegetation.
Bird sampling
Birds were surveyed during 2007-2008 using standard pointcount methods (100 m radius; Bibby et al. 2000) . Point counts were placed along transects every 300 m by following a compass bearing from an arbitrary point parallel to the trend of the valley. A total of 76 point counts were surveyed from the hours of 0400 to 1000 from 2 to 13 July 2007. During 2008, we added 38 point counts (total = 114) surveyed from 25 June to 10 July. Point counts were visited twice per season, although 12 were only surveyed once in 2007 due to logistical constraints. We attempted to minimize intraand inter-observer reliability for bird detection. Both observers were experts with boreal songbirds, trained together to minimize interobserver differences prior to the initiation of surveys, and had previous experience using point-count methods. Finally, we conducted point counts in a different order and by a different observer on the second visit where possible (Bibby et al. 2000) . Due to safety and logistical issues associated with working in this location, point counts were conducted along routes in close proximity to one another (i.e., observers were usually approximately 300 m apart). Point counts were conducted from forest to alpine habitats between 510 and 982 m. The relatively few point counts between 760 and 900 m were largely due to very steep topography in these areas.
For each point-count site, we calculated species richness and abundance. Abundance was calculated by taking the mean number of individuals of each species for each visit (Betts et al. 2005) .
The influence of detectability during avian surveys and how it varies by species, distance, and land cover is well known (Nichols et al. 2000; Rosenstock et al. 2002) . However, we believe that many of these concerns were minimized in our system due to the visibility of singing and foraging birds and the simple, easily detected avifauna. Visibility was very good on most of the point-count sites due to low, well-spaced vegetation. Therefore, we believe differences in detectability among these sites should be minor. We acknowledge that more modern methods such as distance estimation (Rosenstock et al. 2002) and the double-observer approach (Nichols et al. 2000) incorporate detectability and that these methods might increase the precision of the point-count method and improve estimates of density. However, while we normally advocate the use of these methods, we believe that their utility in the studied habitat is small, for the above reasons. Methods such as spot mapping (Verner 1985) and measures like breeding productivity or nesting success (Martin and Geupel 1993) would enhance our knowledge of this system, though all of these methods are impractical in this study due to the logistical constraints of working in such a remote location.
Vegetation
Because the extreme heterogeneity of the treeline ecotone and influence of glacial and other topographic features on vegetation, we used a modification of Emlen's method (Emlen 1967) to characterize vegetation on point-count circles (hereafter Emlen points; see Simon et al. 2000; Schwab et al. 2001; Simon et al. 2002) . At each Emlen point, we randomly placed a 2 m pole held vertically at arm's length and classified the dominant plant species that the pole touched, as well as the surrounding habitat, based on species, plant form, and height. Emlen points were taken every 5 m on a series of transects connected in the following manner (assume that the observer is walking east-west): the observer determined a point 80 m from the centre of the circle, walked north 40 m, turned west for 20 m, and turned south for 80 m. The 20 and 80 m transects were continued a further five times, snaking across the point count and ending with a 40 m transect in a southern direction. In this way, we were able to efficiently but systematically obtain habitat classifications for all point-count circles.
On every 12th Emlen point (n = 12/point count), we further recorded species richness (i.e., all plant species that touched the pole) and all vegetation contacts with the pole at 0.25 m increments. We calculated the mean vegetation richness (MVR) by averaging the species richness at the 12th Emlen points per pointcount circle. As a proxy for vegetation structure, we estimated total vegetation volume (TVV; Mills et al. 1991; Fleishman et al. 2003) at each sampling point as h/(10 × p), where h is the total number of "hits" (intervals that contained vegetation) and p is the number of points at which vegetation volumes were measured. In the forest, the height of the pole was increased as was required to handle the higher vegetation layers.
Collectively, these methods allowed us to build an index of habitat types (e.g., alpine, deciduous shrub, fen, krummholz, forest, rock, late snowmelt), MVR, and TVV per point-count site, as well as a matrix of plant community composition (floristics) and vegetative height classes (physiognomy).
Analyses
Elevation strongly influences climate and vegetation and is clearly the most important determinant of vegetation in montane regions (Ruggiero and Hawkins 2008) . Therefore, to control for the influence of elevation, we performed ANCOVAs with measures of avian diversity as the response variable and vegetation richness (MVR) and structure (TVV) as covariates. Point counts were divided into four broad habitat classes along an elevational gradient (i.e., alpine, deciduous shrub, krummholz, and forest) based on the data Fig. 1 . Location of the study area in the Mealy Mountains (Akamiuapishkua) of Labrador, Newfoundland and Labrador, Canada. from the Emlen points (Supplementary Table S1 2 ). These classes are the most obvious features of the landscape and this division of habitat is similar to a classification of this region using remote-sensing data (Loader 2007 ; habitat types are a subset of these broader classes). Habitat class was included in the model as a main effect and as two-way interaction terms with the other covariates. The overall influence of a variable was assessed using the ANOVA table, but we based most of our interpretation on the coefficient estimates to determine if there was an effect of vegetation species richness or structure on avian diversity within the four habitat classes. Because deciduous shrub serves as an effective transition between treed and alpine habitats, it was used as the baseline. Years were analyzed separately. Normality of residuals, linearity, multicollinearity, and homogeneity of variance were assessed for all analyses. When computing the altitudinal range, we used observations of all birds detected at a point count.
We used nonmetric multidimensional scaling (NMDS) with fitted vectors to explore the relationships between avian species composition, habitat types (based on Emlen points), and elevation. These tests were chosen because of the large number of zeros in the species composition matrix (Oksanen et al. 2007; Zuur et al. 2007) . NMDS was conducted with species regularly detected (i.e., the summed mean detections of a species across point counts per year was greater than five) within the point-count radius, e.g., Common Redpoll (Acanthis flammea) were often seen flying over but only rarely on the ground. After conducting the initial NMDS analyses, we followed with analysis of similarities (ANOSIM) to quantify differences in avian communities across habitat and elevation classes. We chose three broad elevation classes, based on a combination of observations in the field and the clear separation in the NMDS itself: <700 m representing forest habitat, 700-799 m representing the forest-tundra transition, and 800+ m representing alpine habitat. We followed the ANOSIM analyses with similarity percentages (SIMPER) routines: these show the avian species responsible for the differences seen between habitat and elevation classes (Clarke and Gorley 2006) . Multiple regression on distance matrices was used to assess the association between physiognomy, floristics, and avian species composition (Lichstein 2007; Robert et al. 2013) .
For the linear models, we used the Rcmdr package (Fox et al. 2007 ) in R (R Development Core Team 2007) . NMDS were conducted using package "vegan", the former using function "metaMDS" (Oksanen et al. 2007 ) in R. PRIMER v6 (Clarke and Gorley 2006) was also used to conduct NMDS, as well as ANOSIM and SIMPER. To evaluate the relationship between the dominant vegetative types and the avian species ordination, we used the function "envfit" in R. Envfit calculates vectors that maximize the correlation between ordination scores and habitat variables. A goodness-of-fit statistic (r 2 ) was computed for each vector by calculating 1000 random permutations of the maximum correlation between NMDS ordination scores and habitat variables (Oksanen et al. 2007 ). Multiple regres- Table 1 . Elevation range of species observed on 100 m radius point counts in the Mealy Mountains, Labrador (2007 and : minimum (Min.), maximum (Max.), n (number of point counts), and range (Max.-Min.). sion on distance matrices was performed using package "ecodist" (Goslee and Urban 2007) in R.
Results
Bird and vegetation community composition
In 2007, we observed 763 individuals and 15 bird species, while in 2008, we observed 1369 individuals and 24 bird species. Common Redpoll and White-crowned Sparrow (Zonotrichia leucophrys) were the most widespread and ubiquitous species in both years and were found over a 470 m range in elevation (Table 1) . Willow Ptarmigan (Lagopus lagopus) was the only abundant nonpasserine species.
We observed 65 different categories of plants and ground cover. These included 46 plant species and 9 genera or higher taxa (e.g., sphagnum mosses). Other categories included water, rock, and leaf litter. MVR differed significantly among habitat classes (F [3, 110] = 11.6, p < 0.0001). MVR did not differ between alpine and deciduous shrub but was significantly greater in forest and krummholz than in deciduous shrub (forest and deciduous shrub: t [110] = 5.5, p < 0.0001; krummholz and deciduous shrub: t [110] = 2.2, p = 0.03). Overall, TVV differed significantly among habitat classes (F [3, 110] = 31.43, p < 0.0001). Specifically, TVV did not differ between alpine and deciduous shrub, but was significantly higher in forest (t [110] = 8.7, p < 0.0001) and krummholz (t [110] = 2.9, p < 0.005; Table 2 ).
Bird-vegetation relationships
Diversity
Elevation plays a strong role in determining avian community composition (Fig. 2) . Multivariate tests showed a strong difference in avian community structure with elevation (ANOSIM, global R = 0.326, p = 0.001), with the avian community of each elevation differing from each of the other elevation classes (Supplementary Table S2 ). 2 This difference was driven to a large extent by forest generalist bird species (e.g., AMRO, BLPW) declining with elevation (SIMPER: Supplementary Table S3 2 and below). Richness and abundance were generally highest in the forest but similar in the other habitat types.
Overall, avian richness increased with MVR (F [1, 102] = 5.09, p = 0.026), TVV (F [1, 102] = 7.03, p = 0.009), and among habitat classes (F [3, 102] = 6.5, p = 0.005) in 2008. Within each habitat class, richness did not significantly change with MVR but increased with TVV (t [102] = 2.7, p = 0.009 for deciduous shrub); slopes for other habitat classes did not differ from deciduous shrub (Fig. 3) . Avian richness was significantly higher in the forest compared with other habitats (t [102] = 2.85, p = 0.006). In 2007, the richness did not differ with MVR and TVV but did by habitat class (F [3, 64] = 3.34, p = 0.03). Richness was significantly lower in alpine than in deciduous shrubs (t [64] = -2.25, p = 0.03; Table 2 ).
Avian abundance increased with MVR (F [1, 102] = 15.26, p = 0.0002) and TVV (F [1, 102] = 12.18, p = 0.0007) in 2008; these increases were consistent across habitat class. Although the overall term was not (Table 2) .
Composition
The correlation of the avian species distribution with the habitat variables is summarized in Figs. 4A and 4B. Results were largely consistent between years for the 17 types of habitat that we identified, with most of the major habitat type or avian assemblage correlations conserved (Table 3) . Alder (genus Alnus Mill.), late snowmelt areas, willow (genus Salix L.), scrub spruce, and water (i.e., ponds) habitats were not significantly correlated with the avian assemblage in either year. Fen and krummholz forest were not significantly correlated with the avian assemblage in 2007. Elevation was the most robust variable explaining much of the variance in both years.
Habitat associations are typical of most species and are generally consistent among years (Figs. 4A and 4B ). American Pipit (Anthus rubescens) was strongly associated with elevation and also alpine. The abundances of American Tree Sparrow and Willow Ptarmigan were strongly correlated with deciduous shrub and krummholz. Lincoln's Sparrow (Melospiza lincolnii) and American Robin (Turdus migratorius) were correlated with krummholz. Many species, such as Gray-cheeked Thrush (Catharus minimus) and Yellowrumped Warbler (Setophaga coronata), were strongly correlated with forest habitat, especially in 2008. Some species such as Blackpoll Warbler (Setophaga striata) were not strongly associated with any habitat but were negatively correlated with elevation and alpine. White-crowned Sparrow was weakly correlated with rock and alpine habitats in 2008 but strongly correlated with forest in 2007. This discrepancy is likely due to the large elevational range of this species and differences in sample sizes between years.
The association between vegetation and avian species composition varied with habitat class. Avian species composition was correlated with physiognomy on alpine sites and deciduous shrub site and with floristics on alpine sites in 2007 (Table 4 ). There were no significant correlations between avian composition, floristics, or physiognomy in krummholz or forest habitat in either year.
Discussion
Elevation and its subsequent impact on vegetation is the strongest driver of species composition across the treeline ecotone. This trend was reflected in the difference in avian richness among habitat classes and a strong negative relationship with avian composition (Figs. 2, 4A , and 4B).
Although many studies have examined avian diversity in relation to elevation, these studies are usually conducted from a biogeographic perspective, concerned with testing hypotheses that Fig. 3 . Influence of total vegetation volume (m 3 /m 2 ) on bird species richness in 2008 in four habitat types. The regression lines for each habitat (broken lines) and overall regression line (solid line) are shown. Box-and-whisker plots denote the spread of the variable along the axis. explain species richness over long elevational gradients (e.g., Herzog et al. 2005; Ruggiero and Hawkins 2008) . These studies do not examine the vegetation-habitat concept nor do they explicitly examine ecotones. Other studies have examined these concepts, but this is the first study, to the best of our knowledge, to do so across a boreal treeline ecotone (see Terborgh 1985; Archaux 2004; Lloyd et al. 2011; Kent et al. 2013 for nonboreal treeline examples) and to consider the potential impacts of global climate change (see Conservation impli- Fig. 4. A two-dimensional, nonmetric multidimensional scaling (NMDS) ordination of species scores for (A) 2007 and (B) 2008 (see Table 2 ). Stress <0.15 for both years. The + signs indicate the location of the species scores. Codes for bird species and habitat types are in Tables 1 and 3, cations below, but also Cumming et al. 2014) . Furthermore, while we are in general agreement with Cumming et al. (2014) that most studies of boreal song birds occur over too small a spatial extent to detect the influence of climate variation, ecotone studies ameliorate this to a large degree. Indeed one of the strengths of this study is the documented change in climate (Jacobs et al. 2014) , vegetation (A.J. Trant et al., submitted 1 ), and avian composition over the short elevational gradient.
Ecotones
Avian diversity did not increase across the ecotone but was highest in the forest (Figs. 4A and 4B, Table 2, Supplementary  Table S3 2 ), likely because of the increase in nesting and foraging opportunities. Furthermore, while some species were clearly associated with the treeline (Figs. 4A and 4B ), similar to Lloyd et al. (2011) , they are clearly not treeline specialists. The birds in this study are all quite common across North America (e.g., American Robin), and the ecotone is far too narrow in these mountains to promote speciation; in all likelihood, these birds were simply using the area along the elevational gradient with their preferred floristics and physiognomy. Simple relationships have been hypothesized for the influence of ecotones including increased diversity (Odum 1958) , but further study has often produced little consensus because the relationship is far more complex than originally realized (Murcia 1995; Baker et al. 2002) .
Bird-vegetation relationships
Diversity and composition
Overall, richness and abundance generally increased with MVR) and TVV; Fig. 3 ). The result of TVV, but not MVR, being associated with avian diversity is consistent with Fleishman et al. (2003) . The discrepancies between 2007 and 2008, i.e., nonsignificant as opposed to significant findings, respectively, are likely due to the low number of point counts and lesser coverage in some habitat types in 2007.
As with measures of diversity, elevation is the most robust predictor of avian composition. However, elevation is just a surrogate for other variables; it does not control avian composition per se. Most species correlate well with one or two of the dominant habitat types, justifying our division into habitat class (Table 3, Figs. 4A and 4B) . Those few that do not can be considered habitat generalists, like the American Robin, found from forest to deciduous shrub, and the White-crowned Sparrow, found from the timberline to alpine. Discrepancies between years in correlation coefficients for fen and forest (Table 3) are likely due to the greater number of species detected in 2008 and their association with these habitat types (Table 1, Figs. 4A and 4B) . This is the first study of avian diversity in the highlands of Labrador and of highlands of eastern Canada in general. Although a number of avian studies have been conducted in the boreal forests of Labrador (Simon et al. 2000 (Simon et al. , 2002 Schwab et al. 2001) and Quebec (Imbeau et al. 1999) , as well as the low Arctic of Quebec (Andres 2006) , these studies have largely been focused on forests and forestry issues. Abundance, type, and diversity of species were similar to results from these studies. Although these studies were not conducted near the treeline, many of them occurred on burned, clearcut, or early successional plots. Abundances of White-crowned Sparrows and White-throated Sparrows (Zonotrichia albicollis) were highest in these habitats and are likely to be structurally similar to our deciduous shrub and krummholz sites. However, there were some differences. American Pipit (Anthus rubescens), Horned Lark (Eremophila alpestris), Savannah Sparrow (Passerculus sandwichensis), and Rock Ptarmigan (Lagopus muta) are not reported in the abovementioned Labrador studies because they are found almost strictly above the treeline. We also found Grey-cheeked Thrush rather than Hermit Thrush (Catharus guttatus (Pallas, 1811)) and Swainson's Thrush (Catharus ustulatus (Nuttall, 1840) ). We suggest that this is due to the dense woody undergrowth and alder thickets in these higher elevation forests that Gray-cheeked Thrush favour (Lowther et al. 2001) . We note here that Rock Ptarmigan, known to occur in northern Labrador, have not been reported breeding in this area before, and this southern outlier of a more northern species may be expected to be lost as treeline advances over alpine habitat (Montgomerie and Holder 2008) .
Results of the multiple regression on distance matrices were not consistent with Rotenberry's hypothesis that floristics are more important for avian assemblages within a habitat (Table 4; Rotenberry 1985; Bersier and Meyer 1994; Fleishman et al. 2003; Lee and Rotenberry 2005 and references therein). In alpine and deciduous shrub habitats, with the exception of 2007, the results were opposite. One explanation for this finding is that bare rock is a significant feature in alpine habitat and to a lesser degree in deciduous shrub habitat. Rock clearly does not contribute to the physiognomy of the system. This suggests that some vegetation structure is better than none at all and that physiognomy is more important than floristics. In addition, some small, isolated krummholz stands were found in areas that are predominantly shrub habitat and this may have a similar effect. Other studies have found a similar pattern (Shahabuddin and Kumar 2007) , which is more consistent with the original hypotheses that avian diversity is more strongly correlated with vegetation habitat diversity rather than vegetation species (MacArthur et al. 1962 ). However, avian diversity studies beyond the treeline ecotone are rare and similarity between alpine and other habitat classes is low, suggesting that these species respond to vegetation in different ways than others (Catsadorakis 1997) . In many places, alpine habitat is predicted to be lost with changing climate (Rosenzweig et al. 2007 ).
Our results were inconclusive for Rotenberry's hypothesis in krummholz and forest habitats. Krummholz habitat contains stunted spruce and balsam fir trees that form dense patches on the landscape, much different in structure than the vegetation either higher in elevation (alpine tundra) or lower (open canopy forest). It is not clear why changes in floristics and physiognomy were not associated with avian composition in krummholz, but there are two possible explanations. First, birds may be responding to other habitat features within this zone (Knick et al. 2008) . Krummholz were simply the dominant vegetation in a transition zone from relatively unbroken forest to deciduous shrub with a few tree-islands to treeless alpine habitat. The krummholz zone forms a very fragmented, narrow band across the ecotonal gradient between forest and alpine habitat types and is often embedded within a matrix of secondary habitat types (late snowmelt areas, fen, streams). Alternately, Norment (1991) found that avian diversity in the subalpine forest-alpine tundra ecotone was positively correlated with forest patch size and edge, though we are unable to test for this in our system. It is possible that this latter explanation accounts for the lack of correlation of avian composition and vegetation in the forest habitat. As with most ecological patterns, multiple factors structure avian communities.
Conservation implications
This is the first study to examine avian communities at a treeline in Labrador. There are two general hypotheses for how treeline may change with climate change: (1) infilling of presently patchy habitat and (2) general advance of the leading edge of treeline, both poleward and upward in elevation (Danby and Hik 2007) . In the infilling scenario, physiognomy changes dramatically, but floristics may not. In the advance scenario, both physiognomy and floristics may change as treeline advances. Each scenario will have different impacts on local and regional avian communities. In an infilling scenario, alpine and shrub habitats may not decrease in area, leading to maintenance of the habitat for alpine-and shrub-associated species. In general, the regional community will not change, but some species may fare poorly such as the Blackpoll Warbler and American Robin that do well in patchy tree-shrub habitats. In the advance scenario, alpine and shrub habitats may be lost, with little change in the proportion of below treeline habitat (Danby and Hik 2007) . This may lead to important local and regional changes in communities of birds found above the treeline: alpine species such as the American Pipit, Horned Lark, and Rock Ptarmigan would be lost, eliminating these southern outposts of more northerly species.
Conclusion
We examined the impact of elevation, as well as floristics and physiognomy of vegetation, on avian communities across a treeline ecotone in the Mealy Mountains, Labrador, Canada. Our findings suggest that elevation plays a strong role in structuring avian communities and are generally inconsistent with the vegetationhabitat concept, i.e., that birds are influenced by vegetation structure and by composition at more local scales. Given the strong impact of elevation on vegetation structure and avian communities, we note that for bird species whose near-southernmost populations are found in the Mealy Mountains, climate change is likely to have a strong negative effect as alpine tundra habitat is lost. Furthermore, forest-associated species are likely to benefit from the increased tree cover as treeline moves poleward and upward. Table 4 . Multiple regression on distance matrices between avian species composition, vegetation species composition (floristics; mean vegetation richness (MVR)), and vegetation structure (physiognomy; total vegetation volume (TVV) 
